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OpHnlHaJIHH HaylfHH pan
BErETAu,HJA KAO JE).(AH 0)..1. cIlAKTOPAMOPcIlOJIOmKOr
PA3BOJAPErYJIHCAHUXBO)..l.OTOKA
H3BO.ll: Mopdionounca Pll3BOj npapoaaax Hperynncanax BOJlOTOKOBa HMa BenHKH
yranaj ua npaspeana pasnoj npaooarsa. YO'IaBalhe TpeHJla y pasaojy OBHX npoue-
ca HMorynHOCT nporaose npencraarsajy OCHOBHe npenycnoae aa 6e36eJlHO KOpH-
mhen,e HHYHJlau.HOHJlX nOBplIIHHa. Perynaunjapexe Tonnnue OJla6paHajexao exc-
nepauerrranaa neoaana aa HCTpIDKHBalhe MopilJonolIIKHX npoueaa. Ilocraarseae
cy eranne reonercxe oauaxe pMH ofcneacasaaa penepnax nonpesnax npooana,
ca KOjHX cy apureua cyxnecuaaaCHHMalha nposreuareOMeTpHjCKHX KapaKTepHCTH-
xa,Ilopearora, HH3BOJlHO je na ypehenosa XHJlpoMeTpHjCKOM npoipany nOCTaBJhe-
na BOJlOMepHa CTaHHu.a ca nHMHHrpailJOM, KOjHM cy peracrponaae npouese HHBoa
BOJle. Ha OCHOBy nposreaa y reosrerpaja nonpemax npoilJHna Hocuanauaja BOJlO-
craja OJlpeijeHH cy y3pOU.H KOjH cy JlOBenH JlO MopilJonolIIKHX MOJlHilJHKau.Hja JlY)l{
excnepavenranue neonaue, AHaflH3HpaH je yraua] aererauaje HXHJlPOJlHHaMH'I-
KHX KapaKTepHCTHKa TOKa na npoueae MopilJonolIIKHX eneaeaara nporanajnor
npoqmna BOJlOTOKa.
K.1LY'lHe pe'lH: ilJnyBHjaflHa epoaaja, MopilJonolliKe rrpoaene, sererauaja,
perynauaja
VEGETATION AS ONE OFTHE FACTORS OF MORPHOLOGICAL
CHANGES IN REGULATED RIVERBEDS
Abstract: Morphological changes of natural and regulated riverbeds have strong
influence on economy development in the zones close to the riverbanks. Under-
standing ofthese processes and possibility of prediction are the basisfor safe usage
ofareas close to the riverbanks. River Toplica bed regulation is choosen as experi-
mental section for investigation ofmorphological changes. Steady survey profiles
were established after finishing the regulation works, as basic points for furtherob-
servations ofchanges in the riverbed. Water level recorder was positioned a few
hundred metars down the stream.Maincausesformorphologicaldevelopmentalong
the riverbed were determined on the basis ofchanges in geometry of cross-section
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profiles and water level. Influence ofvegetation cover in the riverbanks and hydro-
dynamic characteristics ofthe flow have been analyzed.
Key words: fluvial erosion, vegetation, regulation, morphological changes
1. YBO,ll;
<DaKTOpl1 KOjHI1Majy LlOMHHaHTaH yrauaj aa npouec Mop<ponolliKor pasaoja npn-
POLlHI1X 11 pcryJII1CaHHX BOLloToKoBa, MOry ce OLlPCLlI1TI1 ua OCHOBy CTanHI1X, BI1WcroLlH-
WIhI1X Mcpclha na ycnoCTaBJhCHHM escnepuaearannaa LlCOHHlJ,aMa. PC3ynTaTH HCTpa-
)I{HBalha, xopmnhem, y OBOM pany,Ll06HjCHH cy Ha excnepaaeuranuoj LlCOHHlJ,H, xoja ce
nanasn naneny xopara pCKC TOnnHlJ,C OLl BarseBpyjnn LlO cena KOMaHHlJ,C. CnHB Tonrm-
lJ,C HMa nOBpllIHHY OLl A = 96,0 km2, LlY)l{HHY masuor TOKa L= 30 km, CPCLlIhH Ham6 TC-
pena Y crrusy 1sr= 18,0%, a ypasnara nan xopnra BOLlOTOKa lu=2,55%. CnHB pCKC Torma-
lJ,C y rrpournocrn je 6HO THnWIHO 6yjHqHO nonpysje ca BcnHKOM nponyxuajov CP03HO-
nor MaTcpHjana. Ilocne H3BO~Clha aHTI1Cp03HOHHX panosa y roprsev neny cnnaa saaxaj-
HOje CMalhCH HHTCH3HTCT Cp03HOHHX npoueca, Mnrpauaje CTaHOBHHIliTBa H3 H3BOPHIlI-
nor nena cnasa yrnuane cy na nosehaa,e nOKpOBHOCTH H nofiorsurau,e KBanHTCTa aere-
TalJ,HOHOr noxpaaasa.
AaHac ce non rnyMCKHM nOKpHBaqCM uanasa 26,78% nOBpllIHHC (npCTC)I{HO y H3-
BOpHWHOM neny cnnaa), a IhHBCH sasorpana cy aa 51,14% nOBpllIHHC (LlOIhH LlCO cnn-
aa), IToLlnHBaLlaMaH naunsauaaaje 19,07%, a roneraaa Hyp6aHH30BaHHM 3CMJhHIlITCM
2,01% nOBpllIHHC cnasa. Kaprapan.esr Cp03HOHHX npoueca YCTaHOBJhCHO jc zracnus pe-
KC TOnnHlJ,C nanac cnana y nonpynja ca cna60M Cp03HjOM (Zsr=0,374). Ilpeoanahyjyha
!'J.S - npOHOC aanoca y npormiajnov
npOI!JI1J1Y BO.llOTOKa
Qsvz - ynas aaaoca ca Y3BO.llHe
.lleOHHue
CJlHKa 1. Pe)KHM naaoca na 6a3HOM nonpesnoa npm!JI1J1Y pesnor xopirra
Figure 1. Regime ofthe sediment on the basic cross-section profile ofthe riverbed
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Ta6eJla 1. EKcTpeMHe BpeJlHoeTI1 (Q, C, P)
Table 1. Extreme values (Q, C, P)
!il·Qm.:T.Qmiull·Cmax
i' mJ·s-1 kg.m-J
Ilc.cc·coc.c.c..t·cc_cc. ·c__c·
II. 19,4 LO,060LO,97,J
ran eposaje je qJJlyBl1jaJlHa eposnja ,lI,y6I1HC-
xor 'runa (b e xo s ah, 1993). TIpl1pO)].HO KO-
pl1TO Y cpenn.ea 11 ,lI,OIheM TOKy MeaH)].pMpa,
I1Ma MaJIy nponycuy Mon aa nporauaj BeJII1-
KHX sona H npoiroc naaoca. 06aJIe cy ofipa-
CJIe aereraunjov soja HX IllTHTI1 0)]. qlJIyBM-
janae eposnje, a HCTOBpeMeHo rroaehasa xoe-
<j>HUHjeHT ornopa resetsy 11 YCJIOBJbaBa HaCTaHaK nonnana npnofiarsa. TIpH06a.Jbe ce KO-
pIfCTI1, yrnaaaox, y nOJhOnpI1Bpe;J;He capxe. PerYJIaUI10HH panomr y cpena.ev If )].OIheM
TOKy Tonnaue cy H3Bol)eHH y anure erana, U.HJh panaje na na OCHOBy I1CTpmKHBaIha eKC-
nepaaenranae neoanue aa peua TorrJII1UH, yxasce aa e<j>eKTenocrojaaa Pa3JIll'lI1THXra-
nona sereranaje aa 06aJIaMa.
2. MATEPHJAJI H METO,IJ; PA,IJ;A
TIoCJIe ussohea,a perynauaoaax panoua y TOKy 1982. ronane, neouaua on Baise
Bpyjua )].0 cena KOMaHHlJ,a 113a6paHajesa excnepaaearanny Ha OBOj )].eOHllUI1 usaeneaa
je nOJhCKa perynauaja ca je)].Hory6HM TParre3HI1M KOpHTOM, )].y)i(HHe OKO 3,0 km. OCMaT-
paHa cy22 perrepna nonpenaa npodiana, ofieneacena yxonamoa KaMeHllM 03HaKaMa.Y TO-
xy nepnona HCTpa)i<HBaH,a spurena cy reonercka CHHMaIha npornuajnnx npodmna, peru-
crposane npoueae 11 ,lI,e<j>opMalJ,l1je KOpl1Ta ,lI,y)\( rpace BO,ll,OTOKa. I13)].BojeHe cy nojennne
cexuaje na excnepauearanuoj ,lI,eOHlllJ,H, y CKJIa)].y ca )].OMI1HaHTHI1M THnOM npuponue
sererauaje (npnehe, )i(6yIhe, rpasa).
Feonercxo CHI1MaFbe pesuor KOP"Ta ooyxsara CHllMaIhe rpace, ysnyzcnor H non-
pe-max npodmna BO)].OTOKa. CHI1MaIhe je spureno rrpe 113Bol)eIha peryJIalJ,HOHI1X panoaa
(1981) H nOCJIe 113Be)].eHe perynaunje BO)].OTOKa y nepnony 1982-1998. Mepen.e XH)].pO-
JIOlUKllX 11 nCaMOJIOWKllX napaverapa apureuo je y nepnony 0)]. 1979-1998. ron, na BO)].O-
MepHoj CTaHHIJ,H Mapxosa U.pKBa HJIll y n.eaoj aenocpennoj 6JIH311HH. IlopenJIHMHllrpa<j>-
cxor perucrposatsa sonocraja, spureaa cy xll)].poMeTplljcKa MepeIha 6p311He Te'leIhay ne-
pnony MaJIHX, cpemsnx H BHCOKI1X sonocraja, pann nerepvanacarsa xpnae npornuaja.
TIcaMOJIOWKa ncrpaaorsaisa 06yxBaTHJIa cy Y3HMalhe ysopaxa cycneanoaanor na-
noca 1f3 pexe xao 11 CllCTeMaTCKa ucrpasoman,a uauoca ,lI,y)i( pesnor xopara (KOHUeHT-
paunja C [kg·m-3], rrpOHOC naaoca P [kg-s-1]). Y Ta6eJIH 1cy rrpencraan.ene excrpeuue
apenuocrn (MllHI1MaJIHe H MaKCI1MaJIHe) npcruuaja, xonuearpanaja 11 nponoca cycrren-
noaasornaaoca (Q, C, P). <f>opMHpaHoje ner COH)].a)i(HllX 6ywOTHHaaa KapaKTepllCTH'I-
HHM npodmmera escnepasretrramre neonuue ca ul1JheM na ce ,lI,e<j>HHllwe reOMeXaHH'IKa
crpyxryparepena 0)]. xora cy rpahene ofiane. Haraj HalIHH cy )].e<j>HHHcaHH OCHOBHI1 reo-
MeXaHll'lKH rrapaxerparepena: rpauynowerpajcxacrpyxrypa3eMJhllWTa, BeJIll'lllHa CI1JIe
xoxesnje 11 yrao ynyrpaunser rpersa.
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3. PE3YJITATII II ,lUICKYCIIJA
Ha OCHOBy reonercxor CHHMalha pesuor TOKa, ope Hnocne H3Bo~elha perynanno-
HHX panosa, MO:>Ke ce yCTaHoBHTH na ce perynacano KOpHTO nanasn y craisy )].HHaMWI-
KHX Mop<ponoUlKHx npoaena. yI3Bo~elheMperynauaje ckpahenaje rpaca pesnor KOpHTa,
noaehaa nan BOnOTOKa, a caMHM THM H XH)].paynHqKH napaaerpn TOKa (cpemsa npo-
<pHncKa 6p3HHa; sy-ma cana). Me~YTHM, H3Bo~elheM perynauaonnx panosa YKJIOlheHO je
npsehe H:>K6ylhe 113 nporauajnor npoipana Hnpnorian.a, qHMe je KOpHTO ocrano 6e3ax-
TI1BHe 3aUlTHTe sererauaje. AHTHep03HOHa 3aUlTI1Taje cnpoaeneua aarpaarsusarsea KO-
CHHa. ITpOHOC naaoca peqHHM rrpoqmnoa xao H 6HnaHc aanoca y npodmny npaxasan je
ua CnHUI1 1 (C hang , 1984). Ilopen Tora UlTO onanau,e norrnaeuor Tarraca YTHqe na ne-
<popMaUHje nonpesuor npodmna (nonaan no noaehan.a aarrpeuaucxe Mace MaTepHjarra,
ycnen BHCOKor crenena sacahersa BonOM), H npyra <paKTOpH HMajy yraua] ua craonn-
HOCT pesnax ofiana: npovena aysrre cane rro OKBaUleHOM 06HMynporauajuor npodmna,
O)].HOC rpaacnoprnor xanaunrera BO)].OTOKa H 60qHOrnpnnaaa ep03HOHor MaTepHjarra,
CTapOCT H)].HMeH3Hje sereraunje ua peqHHM ofianava, )].y6H1m yxopeu.aaan.asererauaje,
CTa6HnHOCT ofiana pesuor KOpHTa 3aBHCH 0)]. BpCTe aereraunje, ozmocanoznesr-
nor H Ha)].3eMHor ztena crafina H oc06HHanenonoiuxor H reonourxor cnoja, )l{6yHacTe
BpCTe ca CHa:>KHO pa3BHjeHHM KopeHOBHM CHCTeMOM (pHTCKa sererauaja, pasne BpCTe
spfia Hjosa) )].y60KO nponnpy y 3eMJbHUlTe, qBPCTO ce sesyjyha 6pOjHHM :>KHnaMa H :>KH-
nHuaMa, a CBOjOM MaCOM He noaehasajy 6HTHO Te:>KHHY ofiannor 6nOKa. ,ll,pBene CBOjOM
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Figure 2. Diagram ofshear-stresses on experimental section ofriver Toplica
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MaCOM noaehasa resonry 06a.TIHor 6JIOKa (TonOJIa, jaaop,jacen, xpacr; spfia) yKOJIHKO ce
pamnja aa 06aJIaMa pexnor xopara. Ao onpeheuor HanOHCKor crau.a npsehe noaehasa
cTa6HJIHOCT 06aJIaaa nojasy JIOKaJIHe ,l\eqJOpMall,Hje, aJIH xana HBHlI,a KOCHHe ,llOcneno
cTa6JIa, a nno peLJHOr KOpHTa ce cnycrn HCnO)l 30He yxopen.aaan.a (napyureno npapon-
HO craa.e), OBaKBa cTa6JIa Mory 6HTH y3pOK KJIH3alha H narser pyureisa 06aJIa, a BpJIO
LJeCTO cy y3pOK HaCTaHKa cnpynoaa H MeaH,llapa.
Baxan je YTHlI,aj reonerpnje 06aJIa, nocefino uarnfia. Ha CTpMHM, noncevenau
06aJIaMa, WTeTHO nenosas,e sererauaje omena ce y noaehaisy KOMnOHeHTe cane xoja
nenyje HM3 HarH6, asehaje O,ll yrnuaja )/(Hna H)/(HJIHua xopenosor CHCTeMa na crsapaise
nonarne xoxeaaje Hojanaaan,e MaTepHjaJIa y 06aJIaMa.
Ha 6narHM HarH6HMa 06aJIa, cnynaj je cynporau jep je TaMO yrnnaj sereraunje
n03HTHBaH. BHCHHa 06aJIa 3HaLJajaa je y O)lHOCy na .uy6HHy yxopen.asan.a aereranaje.
AKOje ,lly6HHayxopen.aaan,a seha on BI1CHHe 06aJIe, onna xopenoa CHCTeM CKOpO CH-
rypno nponaan Kp03nOTeHUHjaJIHy KJIH3HY paean Hojasan,e MO)/(e 6HTH erpaxacao. Epo-
3Hja ofiana ce noraha oaor MOMeHTa xana ,l\eCTpyKTHBHe cnne uanananajy CHJIe ornopa
(rpen,e H xoxeaaja MaTepl1jaJIa y 06aJIaMa). Ilocne H3Boljelha perynanaonnx panosa aa
peua TonnHUH113BeCHO speve KOpHTO BO,llOTOKa je 6Hno cTa6HJIHO, 6e3 BH,llJbHBHX rpa-
rosa )le<l>opMaUHja. IToCJle HaHJIaCKa npsor rtonnaanor TaJIaCa )lOWJIO je no nojase JIO-
KaJIHe H onurre nerpopvaunje xopnra, HaKO cy KOCHHe H HaCHnH 3aTpaBJbeHH, O,llMaX no
M3BoljelhyperyJlaUHOHHX panosa. YCTaHOBJbeHO je na ,lly6HHayxopea.aaaa,a rpasne Be-
reraunje naje,llOBOJbHasa crsapau,enonarne xoxeauje 06aJIaHojasaaan,e 06aJIHOr 6nOKa.
<l>opMHpalhe peLJHOr xoparaHycnocranrsan.e cTa6HJIHHX 06JIHKanOnpeLJHHX npo-
<l>HJm npencrasn,a apno CJIO)/(eH npouec aa KOjH yTHLJy nHTonOWKe H reOMeXaHHLJKe xa-
paKTepHCTHKe rpannaaorMaTepHjaJIa, sererannja na 06aJIaMa, XH,llpOnOWKO-XH,llpaynHLJ-
xe H nCaMOJIOWKe KapaKTepHCTHKe BO,llOTOKa. feOMeXaHHLJKa CTpyKTYpa repeuaje pena-
THBHO xovorena, a npeonnahyje rrrHHOBHT MaTepHjaJI canpauecananecxa(d<O,005 mm,
22-36%, d>O,02 mm, 25-40%). Kpynnoha MaTepHjaJIa onana no ,lly6HHH. Jlafoparopnj-
CKe aaamrse cy nOKa3aJIe na yrao yHyTpawlher rpen,a sapnpa 0)l20-22°, nox ce BenHl:JH-
na cane soxesnje xpehe on 2-5 kNm-2.
3HaLJajHy ynory HMaO)lHOC ynasa H 113na3a nanoca na nocvarpaaoj neoaaun BO-
,llOTOKa. DOLJHa eposnja nHMHTl1paHaje OTIIOpHowny 06aJIa360r nosehane xoxeanje, WTO
je nocneznrua yaspmhnaan,a KOCHHa KopeHOBHM CI1CTeMOM. Mehyrn«, y cnyxajy npo-
,lly6JbHBalha xopnra, napyurasa ce reOCTaTHl:JKa cTa6HJIHOCT ofiana HOHe ce ofipyuraaajy,
npa LJeMy ce KOpHTO WHpH. 06aJIe xoje cy <l>opMHpaHe y HeKoxepeHTHHM Ce,llHMeHTHMa
ofipymasajy ce y TaHKHM nauenaua, nox xon Be3aHHX MaTepHjaJIa oopyurasan.e nacraje
y 06nHKy xpynuax 6nOKOBa rna,
Bereraunja nenyje xao npenpexa KpeTalhy naotpasaor <l>nYH,lla y pel:JHOM KOpHTY,
WTO BO,llH rronehatsy HHBoa, O,llHOCHO, Byl:JHHX cana (CJIlIKa 2). BO,llOTOK ynex Te)/(H na
cBaKY npenpexy casnana ca MIIHHMaJIHOM eaeprnjoa (ITeTKOBHh, 1984), a renea,e aa
excnepaaearanaoj ,lleOHHUH pexe Tonnaue l:JeCTO je aa rpaHHUH KpHTHl:JHOr pe)/(HMa.
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4.3AK.JL~
1.Bereraunja HMa n03HTHBaH eQJeKaT, ca CTaHOBHWTa cTa6HJIHOCTH, crsapajyha
yCJIOBe nosehane xoxesaje y 06aJIaMa, H3Y3eB sana ce HHBeJIeTa BO,llOTOKa cny-
CTH ncnon 30He ysopen.aaan,a, a sysna CHJla TOKa npehe KPHTHqHy Bpe,llHOCT
('0>- 'Ocr)·
2. Ca xnnpaynasxor CTaHOBHlllTa aereraunja na ofianava pexa Hy pe-nroa KOpH-
ry npencraarsa npenpexy y nporuuajuoa npoQJHJIY. Bpno qeCTO ce re-retse on-
BHja na rpaHHUH KPHTHqHOr pe)J(HMa, O,llHOCHO, cMelhyjy ce 30He ca MHpHHM
pe)J(HMoM resea,a H 30He y KojHMa anana CHJIOBHT Typ6yJIeHTHH pe)J(HM 'rese-
lha. Y 30HaMa me ce resea,e onsaja y CHJIOBHTOM pe)J(HMy ysehanaje rpaac-
noprna cuara TOKa, TaKO na cy xecre ,lleQJopMaUHje npornuajaor npodiana. Y
30HaMa ca MHpHHM pe)J(HMOM re-reisa nacrajy npouecn ,lleQJopMaUHje npOTH-
uajnor npOQJHJIa YCJIe,ll onnaran,a ep03HOHor MaTepHjana. Bereraunja na o6a-
JIaMa, y cnyxajy HaHJIaCKa nOnJIaBHOr TaJIaCa, noaehaaa KoeQJIfUHjeHT parrasoc-
THlllTO YCJlOBJbaBa npoweay pe)J(HMa rexersa, noaehan,e HHBoa aone y npOTH-
uajHoM npOQJHJlY H MO)J(e ,llOBeCTH no H3J1HBalha. OnHcaHH npoueca ce nenpe-
KH,llHO cMelhyjy.
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VEGETATION AS ONE OF THE FACTORS OF MORPHOLOGICAL CHANGES IN
REGULATED RIVERBEDS
Summary
Determination ofdominant factors for morphological changes is possible by permanent ob-
servations on experimental sections. River Toplica bed regulation is chosen as experimental section
for investigation ofmorphological changes. Steady geodesy profiles were established after finish-
ing the regulation works, as basic points for further observations ofchanges in the riverbed. Water
level recorder was positioned a few hundred meters down the stream. Main causes for morpholog-
ical development along the riverbed were determined on the basis ofchanges in geometry ofcross-
section profiles and water level. Influence ofvegetation cover in the riverbanks and hydro-dynam-
ic characteristics ofthe flow have been analyzed.
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